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Iin(f)=2(Tac(f)+Itot(f));

and the step of:
(e) determining the time-averaged absorption coefficient in
the direction n:

a=lac(f)/Iin(f);

and/or the step of:

() determining the transmission coefficient 6=lac(f)/Iin(f)
in the direction n for barriers wherein the mechanical
absorption can be disregarded; and/or the steps of:

(q) defining an enveloping surface around the sound-emit-
ting source; and

(r) determining the emitted acoustic power by integrating
Iin(f) over the enveloping surface.

The invention also relates to a device for performing the
method.

11 Claims, 1 Drawing Sheet
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1
METHOD AND DEVICE FOR DETERMINING
ACOUSTIC COEFFICIENTS AND ACOUSTIC
POWER

The invention relates to a method and a device for deter-
mining the acoustic absorption coefficient and/or the acoustic
transmission coefficient at a chosen position in a space in
which a certain sound field prevails as a result of the operation
of'a sound-emitting source, and/or the acoustic power emitted
by the source.

A measurement for determining the absorption coefficient
of an (acoustic) material is generally known and usual. The
absorption coefficient is defined as that fraction of the inci-
dent sound intensity/power that is absorbed by a determined
surface at a determined position in a space. It can however
only be measured by measuring the active sound intensity/
power, i.e. the incident sound intensity/power minus the
reflected sound intensity/power, and the incident sound inten-
sity/power.

Such a measurement is problematic in practice and cannot
always be performed in simple and rapid manner. Essential
here is that, although the active sound intensity/power is
measurable, determining the incident sound intensity/power
has only been possible heretofore for several determined,
known and simple sound fields, for instance flat waves,
spherical waves or a diffuse sound field. This means that the
measurement results obtained are applicable only for these
sound fields. They are therefore not fully representative under
all conditions for the results in practical conditions for ran-
dom sound fields.

A measurement for determining the transmission coeffi-
cient of an acoustic barrier, for instance a panel, is less gen-
erally known. The transmission coefficient is defined as that
fraction of the incident sound intensity/power that is trans-
mitted at a determined position by a determined surface in a
space. The transmission coefficient can also be measured only
by measuring the active sound intensity/power and the inci-
dent sound intensity/power. Such a measurement is problem-
atic in practice and cannot always be performed in simple and
rapid manner. Here too it is essential that determining the
incident sound intensity/power has only been possible here-
tofore for several determined, known and simple sound fields.
Use is usually made of for instance an acoustic environment
in which a panel, the transmission of which must be deter-
mined, is received in a window which forms the coupling
between an acoustically hard, echoing space and a non-echo-
ing space, usually referred to respectively as reverberant
room and anechoic room. Such measurements, which can
only be performed in a laboratory, are difficult and costly
because very specific measurement setups are necessary. In
addition, the obtained measurement results are not wholly
representative under all conditions for the results realized
with such a measured panel in practical conditions corre-
sponding to a substantially diffuse sound field.

A measurement for determining the acoustic power emit-
ted from an acoustic source is generally known and usual. It
has however only been possible heretofore to determine the
emitted acoustic power in a non-echoing space because, in the
case of an echoing space, the emitted power determined in the
usual manner is underestimated due to the acoustic reflections
in the space. It can moreover be stated that emitted power
determined in such a manner is not the power of the source in
the situation where reflections from the environment are
indeed present. The results obtained are therefore only appli-
cable for the non-echoing situation and are not wholly repre-
sentative under all conditions for the results in practical con-
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ditions. The usual manner of determining the emitted power
of an acoustic source can therefore only be performed in a
laboratory environment.

In the light of the above it is an object of the invention to
provide a very simple measuring method and a device based
thereon, which do not have the described drawbacks, are
inexpensive and reliable, can be applied under realistic, even
practical conditions and can thus be applied for a random
sound field and can be implemented in the form of an easily
portable apparatus having roughly the same physical dimen-
sions and weight as a generally known and usual portable
sound pressure meter or a sound intensity meter.

With a view to the above the invention provides a method
for determining the acoustic absorption coefficient and/or the
acoustic transmission coefficient at a chosen position in a
space in which a certain sound field prevails as a result of the
operation of a sound-emitting source, and/or the acoustic
power emitted by the source, which comprises the following
steps of:

(a) measuring the sound pressure p(t) and the particle
velocity v(t) at the chosen position in the space;

(b) calculating the Fourier transforms P(f), V(f) of p(t),
v(V);

(c) calculating on the basis of P(f) and V(f) the time-
averaged active intensity lac(f) in the direction indicated with
the vector n, being the normal vector on the relevant surface,
and the time-averaged total intensity Itot(f), in the direction
indicated with the vector n;

(d) determining the time-averaged incident sound intensity
in the direction n:

Iin(f)=(Zac(f)+Itot(f));

and the step of:

(e) determining the time-averaged absorption coefficient in
the direction n:

a=lac(f)/Iin(f);

and/or the step of:

() determining the transmission coefficient 6=lac(f)/Iin(f)
in the direction n for barriers wherein the mechanical absorp-
tion can be disregarded; and/or the steps of:

(q) defining an enveloping surface around the sound-emit-
ting source; and

(r) determining the emitted acoustic power Pin(f) by inte-
grating lin(f) over the enveloping surface.

Ttot(f), the total intensity, is a quantity which has never been
determined heretofore but which is however measurable in a
random sound field.

The active or net intensity is the difference between the
intensity of the incident wave and that of the reflected wave:

Tac(f)=lin(f)-Irefl().

The total intensity is the sum of the intensity ofthe incident
wave and that of the reflected wave:

Ttot(f)=lin(f)+Irefl(f).

This makes it possible to determine the absorption coeffi-
cient/transmission coefficient as according to (d), (e) and (f)
and the emitted acoustic power as according to (q) and (r).
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Vectors are shown with a symbol printed in bold and sca-
lars are shown with a normally printed symbol.

In the above:
n=the direction vector pointing in the direction in which the
absorption or transmission coefficient must be determined;
t=the time;
f=the frequency.

With a view to the above the invention also provides a
method of the specified type, comprising the step of:

w

(g) performing step (c) on the basis of the relations: 10
Tac(f)=Ya(PV-n+PVn)
and
o 15
Ttot(H=Ya(AcVnVn+PP(Ac)).
In the above:
P=the complex conjugate of P;
V=the complex conjugate of V,
A=the density of the air; 20
c=the phase velocity or “speed of sound”.

An alternative method of the specified type comprises the
step of:

(h) calculating on the basis of P(f) and V(f) the time-
averaged reactive intensity in the direction indicated with the 25
vector n, i.e. Ire(H)=Y41(PV-n-PV-n);
and

(1) performing step (c) on the basis of the relations:

Tac(f)=Ya(PV-n+PVn) 30
and
Ttot(fi=(2/m)arcsin(Jac(HW (Tac(f)*+Ire(f)))

Tac(H+ . . . + (2/m)Ire(f)] 35

wherein Ire(D)=Y4(PV-n-PV-n) is the reactive part of the
intensity as determined in step (h).

The active and total sound intensity can also be determined
using so-called cross-spectra and auto-spectra.

When the mechanical absorption of a panel is not negli- 40
gible, the method can be extended by performing measure-
ments on both sides of the panel and thus determining the
mechanical absorption of the panel.

Use can be made in a so-called intensitometer. An intensi-
tometer can comprise two pressure microphones, such as for 45
instance in a Briiel & Kjaer intensity probe. Use can also be
made of a Microflown® particle velocity meter in combina-
tion with a pressure microphone.

According to a following aspect, the invention provides a
method comprising the steps of:

(j) measuring the sound pressure p(t) close to the surface in
the space and the particle velocity v(t) at a number of chosen
positions in the space;

(k) calculating the Fourier transforms P(f), V(f) of p(t),
v(D);

(1) calculating on the basis of P(f) and V(f) the time-aver-
aged active power Pac(f) obtained by integration of lac(f), as
determined under (g) or (I), over the relevant surface, wherein
n is the normal vector on the relevant surface, and the time-
averaged incident power Pin(f), obtained by integration of 60
Iin(f), as determined under (d), over the relevant surface,
wherein n is the normal vector on the relevant surface,

(n) determining the spatially averaged absorption coeffi-
cient a=Pac(f)/Pin(f); and/or

(0) determining the spatially averaged transmission coef- 65
ficient 6=Pac(f)/Pin(f) for barriers wherein the mechanical
absorption can be disregarded,
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(s) determining the emitted acoustic power by equating the
emitted acoustic power with the incident power.

Alternatively, said method can comprise the step of:

(p) performing step (a) or step (j) by measuring the particle
velocity v(t) using two pressure sensors which are disposed
such that they together form a particle velocity sensor, and
measuring the sound pressure p(t) with one or two of these
two pressure sensors, in which latter case the average of the
two sound pressures is determined.

Substantially the same results are obtained using such a
variant. The advantage of this method is however that a pres-
sure capsule is simpler and less expensive than a particle
velocity sensor.

The invention further relates to a device for determining the
acoustic absorption coefficient and/or the acoustic transmis-
sion coefficient and/or the acoustic power emitted by a
source, the device forming an implementation of the above
described method.

This device according to the invention comprises:

sound pressure measuring means for measuring the sound
pressure p(t);

particle velocity measuring means for measuring the par-
ticle velocity v(t), which particle velocity measuring means
are disposed in the immediate vicinity of the sound pressure
measuring means;

Fourier transforming means for calculating the Fourier
transforms P(f), V(1) of p(1), v(1);

first calculating means for calculating on the basis of p(t)
and v(t) the active intensity lac(f) and the time-averaged total
intensity Itot(f); and

second calculating means for determining the incident
intensity/the incident power, this latter being equal to the
emitted acoustic power, and/or the time-averaged power Pac
®;

and

third calculating means for determining the absorption
coefficient a=lac(f)/lin(f) and/or spatially averaged absorp-
tion coefficient a=Pac(f)/Pin(f) and/or transmission coeffi-
cient 6=lac(f)/lin(f) and/or spatially averaged transmission
coefficient =Pac(f)/Pin(f).

This device can advantageously be embodied such that the
particle velocity measuring means comprise two pressure
sensors and the sound pressure measuring means comprise at
least one of these two pressure sensors.

Other than in usual measuring methods for measuring
absorption or transmission, it is not necessary according to
the invention for use to be made of an acoustic source with
specified properties. It is sufficient that a sound field be
present in the space in which the measurement is performed,
wherein the sound intensity is sufficient to enable performing
of a significant measurement according to the invention.

For instance for measuring the absorption coefficient of a
wall in a conference hall, a speaker, optionally assisted by a
public address system, could function as source during the
measurement. The performed measurement will then relate to
the absorption coefficient in the relevant frequency domain of
the human voice, for instance about 200 Hz-3 kHz.

It is possible to consider basing the measuring method for
measuring absorption or transmission for specific applica-
tions on a normalized sound source. Referring to the forego-
ing discussion of a measurement of a conference hall, use can
for instance be made of a noise-like source which can gener-
ate a sound field in the relevant space, the spectral composi-
tion of which on average corresponds at least roughly to that
of'the source to be applied in practice, for instance the above-
mentioned speaker, which covers a frequency range of about
200 Hz-3 kHz.
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It will be apparent that the Fourier transforming means can
be based in per se generally known manner on a digital
mathematical operation by means of a computer or micropro-
cessor, such as Fast Fourier Transform or FFT. The further
operations and calculations specified in the foregoing are also
performed digitally by a processor.

To the third calculating means, which eventually calculate
the absorption coefficient ct or the transmission coefficient 6,
can be added a signal output which generates a signal repre-
sentative of the absorption coefficient for further processing
and/or display. A display unit can for instance be applied,
such as a meter or an LCD display or the like, on which the
value of o or 6 can be read at a glance.

It must be deemed essential for the measurement of absorp-
tion or transmission according to the invention that it is not
necessary to apply a sound source with known properties.
This is however still possible, whereby the measurement
results can be specific to a determined application.

The determination of the acoustic power of a source, for
instance a vibrating object, product, machine or the like, is
currently done in specifically embodied acoustic environ-
ments. An associated measurement space must comply with
well specified conditions, in particular be anechoic, semi-
anechoic or echoic. Determining the emitted acoustic power
in an in situ situation is not possible in the prior art. This is a
result of the fact that it has not been possible heretofore to
determine the effect of reflections by objects in the vicinity of
the emitting source.

As specified above, it is possible according to the invention
to calculate the active intensity lac, the total intensity Itot, the
incident intensity lin in the reflected intensity Irefl at a ran-
dom location in the space in a random direction. By now
measuring the active intensity and the total intensity at a
sufficient number of locations in an enveloping surface
around the emitting source, the incident intensity at these
locations can also be measured. As seen from the source, the
incident intensity is equal to the emitted intensity. This
implies that the power emitted by the source can be deter-
mined by integrating the incident intensity over the envelop-
ing surface. The emitted power can thus be determined in the
in situ situation.

The accompanying FIGURE illustrates this method. A
source 2 emits sound. A virtual enveloping surface 1, for
instance a sphere, is defined around source 2. The above
stated intensities are indicated symbolically with arrows. It is
noted here that in the shown random configuration two
reflecting walls 3, 4 are arranged. The Iin and the associated
Irefl are defined relative to wall 4. It will be apparent that in
the vicinity of the reflecting objects, in this case the reflecting
walls 3 and 4, Iac, being lin-Irefl, substantially amounts to 0.
At a distance from reflecting objects in the space lac is greater
and Irefl is smaller. The power emitted by source 1 in the in
situ situation can now be determined by integrating lin over
the enveloping surface 2.

The invention claimed is:

1. A method for determining at least one of: the acoustic
absorption coefficient of a material, the acoustic transmission
coefficient of a material at a chosen position on a relevant
surface in a space in which a certain sound field prevails as a
result of the operation of a sound-emitting source, and the
acoustic power emitted by the sound-emitting source, which
method comprises the following steps of:

(a) generating a sound with the sound-emitting source and

measuring the sound pressure p(t) and the particle veloc-
ity v(t) at the chosen position in space;
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(b) calculating the Fourier transforms P, V of p(t), v(t) using
a processor configured to calculate the Fourier trans-
forms;

(c) calculating on the basis of P and V using a processor the
time-averaged active intensity lac(f) in the direction
indicated with the vector n, being a normal vector on the
relevant surface, and the time-averaged total intensity
Ttot(f), in the direction indicated with the vector n;

(d) determining using a processor the time-averaged inci-
dent sound intensity in the direction n:

Iin(f)=2(Tac(f)+Itot(f));

wherein:

when the method comprises determining the acoustic
absorption coefficient of a material the method further
comprises: (e) determining the time-averaged absorp-
tion coefficient in the direction n:

a=lac(f)/Iin(f);

when the method comprises determining the acoustic
transmission coefficient of a material the method further
comprises: (f) determining the transmission coefficient
6=Iac(f)/Iin(f) in the direction n for materials wherein
the mechanical absorption can be disregarded; and

when the method comprises determining the acoustic
power emitted by the sound-emitting source the method
further comprises: (q) defining an enveloping surface
around the sound-emitting source; and (r) determining
the emitted acoustic power by integrating lin over the
enveloping surface.

2. The method as claimed in claim 1, comprising the step

of:
(g) performing step (c) on the basis of the relations:

Tac(f)=Ya(PV-n+PV-n)
and

Ttot(f)=Ya(AcVnVn+PP(Ac));

wherein A is the density of the air and ¢ is the phase velocity
or speed of sound.

3. The method as claimed in claim 1, comprising the step

of:

(h) calculating on the basis of P and V the time-averaged
reactive intensity in the direction indicated with the vec-
tor n, i.e. Ire(D=Y4 i(PVn-PV-n); and

(1) performing step (c¢) on the basis of the relations:

Tac(fy=Ya(PVn+PV-n)
and

Trot(f)=(2/m)arcsin(lac(HV (Tac(f)*+Ire(f)) ) Tac
N+ ... +2/m)Ire(f)]
wherein Ire(f)=%4i(PV-n-PV'n) is the reactive part of the
intensity.

4. The method as claimed in claim 3, comprising the steps

of:

(j) measuring the sound pressure p(t) close to the surface in
the space and the particle velocity v(t) at a number of
chosen positions in the space;

(k) calculating the Fourier transforms P, V of p(t), v(t);

(1) calculating on the basis of P and V the time-averaged
active power Pac(f) obtained by integration of lac(f), as
determined under step (i), over the relevant surface,
wherein n is the normal vector on the relevant surface,
and calculating the time-averaged incident power Pin(f),
obtained by integration of lin(f), as determined under
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(d), over the relevant surface, wherein n is the normal
vector on the relevant surface,

(n) determining the spatially averaged absorption coeffi-
cient a=Pac(f)/Pin(f); and/or

0) determining the spatially averaged transmission coeffi-
cient 6=Pac(f)/Pin(f) for materials wherein the mechani-
cal absorption can be disregarded,

(s) determining the emitted acoustic power by equating the
emitted acoustic power with the incident power.

5. The method as claimed in claim 4, comprising the step

of:

(p) performing step (a) or step (j) by measuring the particle
velocity v(t) using two pressure sensors which are dis-
posed such that together they form a particle velocity
sensor, and measuring the sound pressure p(t) with one
ortwo of these two pressure sensors, in which latter case
the average of the two sound pressures is determined.

6. A device for determining the acoustic absorption coef-

ficient, the acoustic transmission coefficient or the acoustic
power emitted by a source with a method as claimed in claim
1, the device comprising:

a sound pressure measurer for measuring the sound pres-
sure p(t);

a particle velocity measurer for measuring the particle
velocity v(t), which particle velocity measurer is dis-
posed in the immediate vicinity of the sound pressure
measurer;
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a Fourier transformer for calculating the Fourier trans-
forms P, V of p(t), v(1);

first calculator for calculating on the basis of p(t) and v(t)
the time-averaged active intensity lac(f) and the time-
averaged total intensity Itot(f); and

a second calculator for determining the time-averaged

active intensity lac(f) and for determining the incident
intensity lin(f); and

a third calculator for determining the absorption coefficient

a=lac(t)/lin(f) and/or transmission coefficient 6=lac(f)/
Tin(D).

7. The device as claimed in claim 6, wherein the particle
velocity measurer comprises two pressure sensors and the
sound pressure measurer comprises at least one of these two
pressure sensors.

8. The method as claimed in claim 1, further comprising
generating a signal representative of the absorption coeffi-
cient, transmission coefficient or emitted acoustic power with
a signal output.

9. The method as claimed in claim 8, further comprising
displaying the signal on a display unit.

10. The method as claimed in claim 1, further comprising
arranging a reflecting wall.

11. The method as claimed in claim 1, wherein the method
comprises arranging the material at a distance from the
sound-emitting source.
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